The objective of this study was to evaluate the effects of the secondhand smoking in the trabecular bone micro-architecture of the mandible of rats, offsprings of passive smoking matrices.
Introduction
There is an estimated that 40% of the children in the world, 33% of boys and 35% of girls, are exposed to the secondhand smoke. [1] . The cigarette smoke inhaled in a passive way consists of 15% of the mainstream smoke, the smoke inhaled by the current smoker and 85% of the sidestream smoke. The sidestream smoke, coming from the lighted cigarette, is considered more toxic than the mainstream smoke (inhaled) [2] . The secondhand smoke is considered the third largest cause of avoidable death worldwide and the main polluting agent in indoor environments [3] . The harmful effects to health due to the secondhand smoke were observed in current smokers' wives in a study that lasted 14 years. [4] . The cigarette smoke toxicity reduces the blood nourishment and it can causes a cell division reduction, DNA damage induction, increased wound healing time and decreased tissue regenerative capacity. [5] [6] . Such reduction causes permanent artery damages [7] that increase the risk of the disease development and alterations such as osteoporosis [8] [9] . The osteoporosis is an osteometabolic disorder [10] characterized by the bone mass loss and by microstructure alterations which cause weakness and fracture risk [11] [12] . The nicotine in cigarretes suppresses the function of the red blood cells, causes vasoconstriction and reduces the blood oxygen levels [13] , and it reduces the calcium and estrogen levels as well [14] , important substances in the bone growth and maintenance [15] . The nicotine also modulates several factors of the osteoblasts differentiation, proliferation and growth and it can decrease during the bone neoformation, osteogenic expression, [16] [17] , healing and fracture regeneration [18] . The effects caused by the cigarette smoke toxicity, inhaled in a passive way during the bone remodelling, suggest the reduction of the bone mineral density and the alteration in the microstructural bone organization in passive smokers. [19] . The concept of the bone quality evolved from an approach only based on the density to a structural micro-architecture [20] . In a recent study it was showed that the trabecular bone weakness and the bone mineral content indicate the increase of the fracture risk. [21] . However, there are controversies related to the possibility and the time of the bone tissue recovery before the adverse effects of the nicotine passive exposition [22] [23] . Thus, the micro-computed tomography is an effective tool when evaluating the cigarette smoke influence in the bone sctructure [24] . It is an accurate, fast and nondestructive method, and it allows the measurement of the microstructures in non-processed biopsies and even in small bones, establishing automatically tridimensional histomorphometric rates [25] .
Considered the reasons here presented, the purpose of this study was to evaluate the cigarette smoke toxic effects in the mandibular trabecular bone micro-architecture in developing, and its possible recovering after the cessation of the inhalation, in passive smoker rats which were offsprings of smoking matrices, in different periods.
Materials and methods

Treatment of the matrices
This study was approved by an Ethics Committee for the Animals Use of Faculty of Medicine of Jundiaí, number 285/2013). The matrices of the offsprings were composed of twenty Rattus norveegicus albinus (Wistar), at the age of 8 weeks, and weighing 340 ± 10g. There were four male rats and four female rats in the control group, and there were six male rats and six female rats in the smoking group. There were two rats in each cage, kept at a room temperature (22+/-2°C) and in a light/dark-12 hours-cycle, with water and feed ad libitum.
Exposure to the cigarette smoking and formation of the experimental groups
It was used an easy commercially avaliable cigarette due to the adaptation to smoke (tar: 10mg, and nicotine: 0,8mg). The matrices were gradually exposed to the cigarette smoke until to complete a total of 20 cigarettes units per day, in a period of eight weeks. Then, couples were formed with the mating purpose. The lighted cigarettes were put in the influx system of a vented shelf ( fig 1) and, in an homogeneous way, the smoke of the lateral flux was spread into the sealed chambers [24] . During all the gestation, neonatal, breastfeeding, and growth period, the offsprings of passive smoking matrices and the matrices, were exposed to the smoke. After the weaning, 35 male offsprings were selected and kept under the smoke exposition at the same initial conditions of their mothers, constituting 4 groups of continuous smoking offsprings (CSO). The offsprings submitted to the cessation of the inhalation -the group of interrupted smoking offsprings (ISO), were formed from the CSO subdivision in a period equivalent to half of the exposure time to the cigarette smoke ( Fig 2) . It was not formed a 21day-ISO-group because it was a breastfeeding period, and the milk abstinence would be harmful to the bone development of the offsprings. The non-smoking offsprings (control group or NSO) were kept in a cigarette smoke-free exposure environment ( Fig 2) . 
Microtomography bone analysis
After the 21 st , 42 nd , 63 rd and 128 th days, the animals were sacrificed by anesthetic deepening (ketamine/xylazine) in accordance with the animal testing principles established by COBEA/CONCEA. After that, their mandibles were removed and stored in 10% buffered formaldehyde solution. Fifty-five samples were obtained (20 DTC, 20 DNT and 15 DTI) and scanned in a micro-computed tomography (SkyScan 1174, Kontich, Belgium), with 800 mA, 50kVp and time of exposure of 3800ms, for each rebuilt image and nominal isotropic resolution of 23μm established in the literature, according to Bouxsein et. al. [26] . It was used an aluminium filter (thickness 0,5mm). The scanning procedure lasted around 20 minutes, resulting in 270 images per sample. A global thresholding technique was used to binarize the mCT images in a gray scale where the minimum, between the apexes of the bone marrow and bone in the gray value histogram, was chosen with the limit value. The region of interest (ROI) of the alveolar bone was established manually in each image in the interroot septum of the mandibular first molar (M1), on the right side, due to the concentration of tensions in this region, used in the histomorphometric analysis of the trabecular bone. [27] . The (ROI) was obtained according to the method used by that enabled the evaluation and visualization of the alveolar bone in an integral way [28] .
At the beginning was identified, in bidimensional images, the coronal surface which passes through the midst of the intermediate buccal and lingual roots ( Finally, in a horizontal plan which showed the MI, was chosen the inter-root alveolar bone drawing an outline from the midst of a root canal to another, avoiding the roots and other structures in the bidimensional image. (Fig 2-b) . After the reconstruction of the images in the software connected to the micro-computed tomography (NRecon SkyScan, Kontich, Belgium), the histomorphometry of the alveolar bone was obtained by the evaluation straight from the ROI 3D model, by the software of the system (CTAnalyser SkyScan, Kontich, Belgium). Were analyzed: the bone volume fraction (BV/TV), the trabecular thickness (Tb.Th), the trabeculae spaces (Tb.Sp), the trabecular number (Tb.N) and the Structure Model Index (SMI). 
Statistical analysis
Mean and standard deviation (SD) of the data generated by the software CTAnalyser were calculated by the software IBM-SPSS, version 17.0 (SPSS Inc., Chicago, IL, USA). It was also used the Shapiro-Wilk normality test and the Levene's test of homogeneity of variances, with p<0,005. It was used Fisher's variance analysis through the Gauss-Markov's linear model and the multiple comparisons through the Tukey HSD's criterion. Although the effect of the days compelled to repeat the measurements, the animals were sacrificed in each measurement in this experiment, being thus, different from a day to another. It was evaluated, to the different microtomographic analyzes, the error in the repetition of the measurements made by the same examiner. It was used the Dahlberg's error formula in order to verify the intraobserver systematic error (apud HOUSTON, 1983) [29], with a significance level of 5%.
Results
Micro-computed tomography
The micro-computed tomography was used to investigate the microstructural alterations in the mandibular bone of all the offsprings in developing. Dahlberg's formula about the intra-examiner systematic error (apud HOUSTON, 1983) [29] indicated a significance level of 4,1, validating the data collected. The trabecular parameters of the alveolar bone as the relation BV/TV, Tb.Th and SMI, showed significant differences in the CSO group, in relation to the values of the control group (Fig 4) . Parameters such as Tb.Sp and Tb.N did not show significant differrences between the groups (Fig 4) . In the DTC group, were observed significant reductions in BV/TV, p=0,0124, and inTb.Th, p<0,0001, associated to the significant increase of the SMI, p<0,0001, in relation to the control group (Table 1) .
About the ISO group, there was no significant difference in the relation BV/TV, p=0,9751, when compared to the control group (Table 1) . However, about Tb.Th, the differences among the three groups were significant, showing higher values in the control group, followed by the ISO group p=0,0020, and by the CSO group p=0,001, with the lower values ( Table 2 ). The average values of the SMI for the ISO group, followed the values of the control group, p=0,1253, during the three periods studied ( Table 3 ). The Tb.Sp did not show differences. It was not significant the effect of the exposure period to the cigarette smoke between the groups, p=0,6680 (Table 4 ). The Tb.N parameter, during all the exposure period to the cigarette smoke, there was no statistical difference between the groups p=0,3308 (Table 4) . The values related to the trabecular bone alterations during all the experimental period, reveals about the CSO and NSO groups: difference of 18% in the BV/TV, 38,7% in the Tb.Th, and 51% in the SMI. Between CSO and ISO groups, 19,2% in the BV/TV, 24% in the Tb.Th, and 24,6% in the SMI. The difference between NSO and ISO was 1,4% in the BV/TV, 19,3% in the Tb.Th, and 14% in the SMI. The chart in the Fig 4 illustrates Tb.Th: Trabecular thickness; statistical significant differences among the three groups, with p<0,005. (c,d,e,f) . a, c, e were obtained from a 21-day NSO rat, while b, d, f were obtained from a 21-day CSO rat. c, d showed the 3D reconstruction images, while e,f are the same images after section slice to observe the internal aspect. Images generated after the segmentation of osseous and non-osseous tissues demonstrated the ability to quantitatively analyze trabecular bone morphology (d,e,f,g,h,i) . a,d,g were obtained from a 42-day NSO rat, b,e,h were obtained from a 42-day ISO rat, and c,f,i were obtained from a 42-day CSO rat. d,e,f showed the 3D reconstruction images, while g,h,I are the same images after section slice to observe the internal aspect. Images generated after the segmentation of osseous and non-osseous tissues demonstrated the ability to quantitatively analyze trabecular bone morphology. (d,e,f,g,h,i) . a,d,g were obtained from a 63-day NSO rat, b,e,h were obtained from a 63-day ISO rat, and c,f,i were obtained from a 63-day CSO rat. d,e,f showed the 3D reconstruction images, while g,h,i are the same images after section slice to observe the internal aspect. Images generated after the segmentation of osseous and non-osseous tissues demonstrated the ability to quantitatively analyze trabecular bone morphology. (d,e,f,g,h,i) . a,d,g were obtained from a 128-day NSO rat, b,e,h were obtained from a 128-day ISO rat, and c,f,i were obtained from a 128-day CSO rat. d,e,f showed the 3D reconstruction images, while g,h,i are the same images after section slice to observe the internal aspect. Images generated after the segmentation of osseous and non-osseous tissues demonstrated the ability to quantitatively analyze trabecular bone morphology.
Fig 8. Tomographic cross-sectional slices of M1 furcation area(a,b,c) and representative images illustrating micro-CT image analysis in the inter-radicular region of the mandibular bone
Discussion
The present study simulated the environment of human beings when exposed to the cigarette smoke, similar to what happens in public smoking áreas and at home, where one or more of the family members are smokers. Our model was able to identify the secondhand smoke effects in the bone tissue of the animals evaluated in this study. The bone maturity of the Wistar rats happens from 119 th to 147 th days of life, that is equivalent, respectively, to the ages 18 and 24 in human beings [30] . In our study, was evaluated animals aged 21 days of life (that means 3 years old in humans), animals aged 42 days of life (means 7 years old in humans), animals aged 63 days of life (means 10 years old in humans), animals aged 128 days of life (means 21 years old in humans). Only the present study evaluated the characteristics of the bone tissue in development early periods, in offsprings of smoking matrices, considering also their effects after the cessation of the passive inhalation of the cigarette smoke.
The parameters BV/TV and Tb.Th, indicators of the trabecular bone density, show the development of the bone volume and of the trabecular thickness in the animals of the CSO group, from 21 st to 42 nd days of life. Showing exponential development, however, with lower values if compared with the control group. From 42 nd to 63 rd days of life, the rats undergo from puberty to sexual maturity [31] , presented, tendency to loss bone density in the CSO group, that was intensified at the 128 th day. Dong et all. (2011) [32] showed general morphological inhibition in the development of the buccal tissues as a result of the maternal smoking, with lower values of thickness and volume in offsprings. Other studies showed the same significant reduction of the bone volume and trabecular thickness, indicating the suppression of the formation and increase of the bone resorption in rats exposed to the secondhand smoke. [19 -33 -34] The ISO group showed recovery of the bone volume in relation to the CSO groups, however, the value of the trabecular thickness, between the animals of the CSO and control groups, was from 42 nd day on. That result suggests a weakened trabecular bone density. Reinforcing this finding, according to Hapidin et al. (2011) , the cessation of the nicotine use during two months, does not allow the recovery of the adverse effects in the bone tissue, neither the return of the histomorphometric parameters at the control level [22] . Our results corroborate with the results of Ward et all (2001), who concluded that the cigarette smoke, in active smokers, has a harmful and dose-dependant effect causing the bone loss and increase of fracture risk and, that such effects are partially reversed due to the cessation of the inhalation [35] . The SMI, that was developed to indicate the relative prevalence of the elements in cylindrical and plate shapes in a 3D structure as the trabecular bone [36] , is important in the evaluation of the osteoporotic degradation of the trabecular bone characterized by a transition from a plate architecture shape to a cylindrical architecture shape. The similar structure to the plates contributes to the bone elastic behavior, while the cylindrical shape results in a less rigid microstructure, and less able to withstand mechanical tensions coming from several directions [37] . In our study, there was a prevalence of cylindrical bone structural elements in the CSO group, that was increasing from 21 st to 128 th days, representing an increase of 51,1% in relation to the control. Ko et al. (2015) , in their study, showed a similar result indicating that the secondhand smoke exposure increased in 46% the value of the SMI in relation to the control, confirming the osteopenic condition [1] . Sasaki M et al. (2018) showed in rats, that the secondhand smoke exposure, from gestation and birth to 28th day of life, increased the bone volume and induced to the osteoporosis, thanks to the spatial orientation of the tissue microstructure [38] .
The analysis of the SMI in this study, indicated that the animals of the ISO group presented a surprising recovery in relation to the CSO groups. That shows the cessation of the inhalation causes the positive signaling to the osteoblastic cells, responsible for the bone formation. However, the trabecular thickness in intermediate levels, between the CSO and control groups, further suggests a fragile structure. Hapidin et al. (2011) , showed that nicotine abstinente rats presented significant reduction in Tb.Th [21] in accordance with our data [22] .
In our study, the offsprings of smoking matrices presented loss in the bone quality of the inter-radicular region (ROI) determined by the low values of BV/TV and Tb.Th. The values obtained were different from the values shown in previous studies , but the tendencies observed were consistent and the trabecular bone parameters, in the smoking group, were lower than in the control group. Our evaluation of the impact of secondhand smoke on bone development in rats from gestation to maturity has shown that detrimental effects on bone health increase with growth. We also showed that the offsprings removed from the exhibition, in half the time of the exposed animals, presented a favorable recovery, but under the level of control. This suggests a greater impairment in the bone recovery in the offsprings along the bone maturity and the effects of time exposure for which they were subjected to secondhand smoke exposured. Until the conclusion of this study, there are no reports about the evaluation of the toxic effects of the cigarette smoke, inhaled in a passive way, in other skeletal sites of the organisms in development. Thus, we concluded the need for an awareness of the Society about the toxic effects coming from the secondhand smoke exposure in the skeletal system of children and young people. Therefore, it is importante to avoid, in children and young people, whose parentes are smokers, the adverse effects in surgical intervations and healing processes. This care reduces the health risks in the face bones as well.
